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SUMIMARY

This report contains the results of tests of a full-
scale semispan horizontal tail planc of & bomber airplane.
The effects of fabric distortion on the serodynemic character—
istics of ths elevator are detcrmined by comparing the acro-
dynamic characteristics of a fabric-covered elevator with
those of a metal-covered elevator. In addition, thc results
of cutting holes in the balance scal, the effect of fixing
transition, the tab cffectivencss both sealed and unsealed,
and the section drag of this tall plane are presented.

The results of the tests show that fabric deformation
cen causce extreme changes in stick force at high spced. At
‘0.72 Mach number, the calculatcd stick force per unit normal
acceleration for the fabric-covered clevator was three times
the force for the metal-covercd clevator. It is also shown
that the tab effectiveness can be trebled by sealing the gap
&t the leading cdge of the tab.

INTRODUCT IOW

The incrceasing specd and sizc of airplanes have caused
the desigin of control surfaces to become extremely criticel.
At the highest speeds, because of the close balance reculred,
a slight variation in the control conftour can cause extreme
changes in the control forces.
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There have been numerous cases where flight data have
shown the rather serious effects of fabric distortion. Refer-
ence 1 discussed several of these cases in which very large
stick forces that occurred in flight were found to be caused
by fabric distortion. The gualitative effects of slight
changes in contour, such as might be cauced by fabric dis-
tortion; are given in references 2, 3, and 4. Reference 2 is
an analvtical study of tke stick forces that would result from
various types of fabric distortion, and shows that fabric
distortion can cause extreme changes in the control character—
istics. ' :

The tests discussed in this report were initiated to
determine the effects of distortion of the fabric covering of
the bomber elevator at high speeds. Quantitative results on '
the effect of fabric distortion by direct comparisons of the
characteristics of a metal-covered elevator with those of a
fabric—covered elevator are included. In addition, the
effects of installing leak holes in the elevator balance seal, .
secaling the tab, and fixing transition on the stabilizer are
presented. The results of measurement of the sectional drag
. coefficient of this production-type low-drag tail plsne are
also included. '

¢

The data were obtained in the 16-foot high-speed wind
tunnel at the Ames Aeronautical Laboratory, Moffett Field,
Calif.

SYMBOLS

Standard MACA symbols and coefficients used throughout
the report are defined as follows:

o4 airplane angle of attack, degrees (engle measured from
fuselage reference line) '

ot angle of attack of horizontal tail, degrees (zero 1lift
occurred at -1.89°)

o elevator angle, degrees

8% tab angle, degrees

1: Mach number : ‘ “
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Po

cr

airfoil section drag cocfficient

clevator hinge-moment coefficient (He/qbeT?)
clevator hinge moment, foob-pounds

dynemic pressure (%pve), pounds per square foot
elevator span, fect

root-mean-square cunord of elievator behind hinge
line, feet

1ift coefficient of tail (Ly/cSt)
1ift of taill, pounds
area of tail, square fecet

pitching-moment cocfficient due to tail
Yt /qSw(k.A.C. )y]

moment about the center of zravity due to the tail,
foot-pounds

arca of wing, square feet

mean serodynamic chord of herizontal tail

mean aerodynamic chord of airplanc wing

pressure coefficient (p -~ pol/a

local static pressure, nounds per square foot
free—-strecam static pressure, nounds per souarc foot

critical pressure coefriicient

APPARATUS AID 1ETHODS

A full-scale semispan horizontal tell plane from the
bomber airplaznc was used for these tests. A stub section
was provided so that the tunnel wall was at the position
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corresponding to the airplanc center line (fig. 1). There wes
o gep of ePproximately 3/16 irch between the model and the
tunncli wall, but 1t was found that thils grp had no measurable
effect on the elevator hinge moments. The tail plane was
mounted upside down in the tunnel. The streamline tie rod,
showit in figure 1, was used to increase the allowable negative
1ift loads. The model was supported by the balance frame so
that all forces and momernts could be measured by the six-
coumponent scale system.

The elevator anglc was controlled by an electric motor,
and maintained at & constant setting by sn automatic posi-
tioning device. Hinge moments wore measured with a calibrated
electric strain gage mounted on & speclsl arm 1n the elevator
control linkage.

The gencral dimensions and plen view of the tz2il planc
as tested are shown in figurc 2. Figure 3 shows a sectional
drawing of the stabilizer, clevator, and tab. Figure 4 shows
the rib spacing in the elevator, and gives the specifications
for the faoric covering and its application.

ANLLYSIS OF DATA

The data have been corrected for tunnel-wall effects.
The correction varied across the spen of the wing; however,
a weighted—average correction to the angle of attack, equal
to 0.898 C1, was added. The data also haove becen corrected
for the effects of constriction on the dynamic pressure and
YMach number.

Wherever slopes are given in the text they refer to the
slope through zero stabilizer anglc, clcvator angle, or tab
angle, as the casec may be.

In analyzing the dete, stick forces were computed for
threec Mach numbcrs. It was neccssary to compute thesc stick
forcecs for fictitious conditions, because the strength of the
support system was such thet it was not possible to attain
stabilizer and elevator angles that would completely corre—
spond to those of the bomber airplanc at high speed. In
order to use the date obftained to the best advantage for com—
parative purposes, the following coaditions were used in the
calculations:
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(a) The stabilizer Jwas set at 1° angle of incidence.
: (It is at 0° on the airplane.)

(b) The downwash =% the tsil was computed as being
equal to 5.2 Cr..

(c) -off pitching moments from the 17.5-percent
qcale rnodel of the borber airplane tested in the
16-foot wind tunnel were used (reference 5). )

(d) Beczuse data at only one stabilizer angie were
obtained at high speed during the model tests,
no correction to ébtt,éat for fuselage interfer—
enice was possible, This effect would not change

he differences between the characteristics cal—
culated for the fabric—-covered and metal-covered
surfaces.

~(e) The etabilizer angle and elevator zngles used for
the comparative stick forces shown for a iach
number of 0,133 were obtained from tests of a
model of thie bomber airplane in the 7- by 10-
foot wind ‘bunnel. »

RESULTS AND DISCUSSION
Comparison of Fabric-Covered and lietal-Covered Elevators

At a Mach number of 0.132 there was no noticeable
distortion of either elevator. Figures 5 to & show that, as
would be expected, the fabric-covered and metal~covered ele-
vators had similar aerodynemic charecteristics at this low
Mach number.

At a lach number of 0.33, the fabric surface began to

show slight distortions; for ep elevator angle of 0% the slope

/dat ig -0.0009 for the fabric-covered elevator and 0.0005
fov the metal-covered elevator (figs. 9(a) and S(b)). The
tail effectiveness 0Cy./0at remeins practically the same for
the two elevators (f;gs 10 (a) and 10 (b)). The slope
-3Che/08¢ 15 about 50 nercent greater for the fabric-covered
elevator (fiz. 1l). The conaarative stick forces in figure 12
show a slightly greater variation of stick force with center-
of-gravity pos*tion for the fabric-covered elevator. The
computed stick-Tforce variation with indicated acceleration is
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the ‘same for both elevators (fig. 13). It is to be noted in
both figures 12 and 13 that the principal effect of fabric
distortion at this speed would be to change the airplene trim.

The deforrations of the fabric-covered and metal-
covered clevasors at 0.72 Mach number are shown in figures 1U
and. 15, These figures show that the fabric was distorted to
a concave snane on both the upper and lower surfaces, as was
true -under all conditions tested. In figure 15 it is seen
that the metal surfece was slightly distorted so that 1ts
characterietics are not those of a rigid surface. From these
pictures it should be recognized tnet the differences shown
in comparing the fabric surface with tne metal surface are not
as lerge as the dirferences between the fabric-covered elevator
ané a rigid-surface elevator.

At 0.72 Mach number an extremely large change 1s
effected in the comperative acrodynamic characteristics of the
fabric-covered and metal-covered elevetors. although the data
at 0.72 llach number were limited by the model strength, the
Targe differences are clearly evident (firs. 16 to 22). In
figures 16(a) and 15(b), OCpg/dat is 0,0020 for the metal-
covered elevator and -0.0010 for the fabric-covered elevator.
Th2 curves of 6Che/éat for the metal-covered elevator have
o dlscontinuity between -2° and -2.3° angle of attack, which
is probably due to separation causcd by suncrcritical speeds.
Figure 17 shows an cxtrcme diffcrence in OCho/d8e. This
slone is -0.0032 for the fabric surfoce and -0,0005 for the
metel surfece. The smell value of -9Che/08g. for the metal-
covered elevator at 0.72 liach number (fig. 17) was determined
from o very limited amount of date. Since the elevator
profile has but sliczht effect on -0Cp./05, at large ele-
vator angles, this slope would probably assume a valuc similar.
to that for the fabric-covered clevator ot larger negative and
positive elevator anzles, Figures 13(s) and 18(b) show that
the tsil effectiveness OCpi/00y romeins the same for both
elevators. The offect of the distortion of the fabric surface
on the various paramcters is %o be cxpected, and‘probably
could be predicted if the cxact distortion were known
(references 2 and 3). L

Stick forces computed for 0.72 MHach number are presented
in figurcs 19(a) and 19(b). The stick force per g 1is 60
pounds for thc fabric-covered clevator and only 20 pounds for
the mctal-covered clevator. Thc results show that it would be
impossiblc to =mredict control forces accurately from model
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data 1f the airplane has control surfaces that distort.

Beceuse of the importance of the trailing-edge angle *n
determin_ng elevator characteristics (references 3 and 6),
is believed thet if the aft 5 or 10 percent of the e‘evutOf
were made of metal and the surface vented at the trailing edge,
the stick forces would more nearly comvare with results pre-
dicted from tests of rigid control surfaces.

Figures 20 ané 21 show the pressure distribution over
the lower surfece of the stabilizer at 0.33 and 0.72 HMach
numbers, In figure 21{b) a slight diffcrence in the pressures
near the peak is noted, the stabilizer with the fabric-covered
elcvator having slightly higher locel velocities. Fressures
over the elevator were not measured; however, balance-well
pressures were measured, and it is shown in figure 22 thet
the balancing hinge moments computed from the balance-well
pressures are not appreciably affected by the elevator centour
caenggs. Therefore, the large changes in elevetor hinge
moments are almost entirgly due to the changes aft of the
clevator hinge line.

Figures 23(a), (b)), and 25 show the condition of
the facric surface before and after running at high specd.
he fabric after a run- at high speed '
l1ty, temperature, and length of time at
1t Under static conditions the fabric
;taut agﬂin.

8 of'LéﬁkaOles in the Balance Seal

Sixteen holes 1-1/16 inches in diameter, were cut in
the balance seal, as noted in figure 3. The effects of these
openings are presented in figures 26 to 32. The slope
-Che/Ot was not changed by the leak loles, but the slope
-éche/éée was about doubled. The calculated stick force

per g at 0.33 lMrch number for sea-level conditions is about
13 nounds w1 -h the sealed balance and about 26 pounds with
the holes in the seal. In genercl, the stick-force gradients
arc about doubled when the lcall holes are »nlaced in the
balman geal,
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Tab Effectiveness

The teb cffcctivoncss -0Che/08t 1s about 0.0035 at
both 0.133 and 0.33 Mach numbers (figs. 33 and 34). At 0.72
¥och number the cffectivencss drops off slightly to 0.0025
(fig. 35). In order to incrcase thc tab effectivenecss, the
gap ot the lending cdge of the tab wes scalcd as indicated in
fizgure 3. The cffeetiveness ot §.72 iach number incresascd to
about 0.0072 (fig. 3K). At sca level and 0.72 liach number the
stick force por degree tab anglce is about 42 pounds for the
unscelzd tab and ebout 110 pounds for the scaled tab. The
stick forccs per dcgrec teb angle at 20,000 feet altitude arc
16 pounds for the unscaled tad end about 56 pounds for the
scaled tab (fiz. 35). Dnta at 0.72 Fach number were tason at
only two tab snoles (£1°) end wecre teken os near the same timo
as possiblc so thet the fabric tautncss would be constant.

Effcct of Fixed Transition

The brenks in OChe/dat and écmt/éat, notcd in figurcs
%(a) ond 6(c), werc belicved to be coused by e sudden forward
_movement of the tronsition point. Trensition was fixed at 20
perccnt chord by moans of a strin of corborundum in order to
investigatc thts offect, and the results arc shown in figurcs
37 ~nd 33. Thesce rceults show thet there wcre no brceks in
the curves (fir. 33) when the treansition point wes fixed,
hence the breaks that occurred when the noint of transition
was not fixed worc probobly caused by o forward movcment of
the trensition point. Fizure 39 shows thet, at on celevator
angie of -200, thc pressurc distribution on the stabllizcr
withd the fabric-covered elcvator chenges from a favorable
gredicnt ot UO angle of attack to an unfavorable gradient ot
4O, Traneition would be erpected to occur at avoutb 0° or at
a slightly more nogetive angle, which would azrec with the
trensition brealks noted on the curves (figs. 37 and 38). The
brosks notcd in thesc date are »robably not as sharp on the
airplenc due to the interference of the fusclage. The
turbulence level of the 16-foot wind tunncl is very low, and
probably the cffccetive Reynolds number in the tunnel closely
approxim~otes thot at the tail of the eirplienc in froc air.

Scetion Drog

The scction drag of the bombir horizontal toil wes
meesurcd by the momentum method, end the results are prescnted
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in figures 40 and 41. The surface was not prepared spocially,
CXcept thet 21l obvious rouzh spote were licghtly sanded. A
two-dimensional smooth model of this stabillizer and elovator
wes tested in the Langley two-dimonsional wind tunncl, where
the lowest scetion drag obtoined was about 0.00L45. Compared
to this veolue, the production teil planc in the 16-foot high-
speed wind tunncl at the Ames Laboratory had o minimum scetion
drog of about 0.0052 ot onc stotion. The nonen tun-drag meas—
urcments are of cucstionable accuracy becausc of the spanwise
flow on thoe threo-dimensional body.

CONCLUDINC REMARKS

At 0,72 ilach number, the stick Torce zer unit normel

ecceleration calculnted from the test results for the fobric—
covered clevator wes throo times the force for the motal-
coveree olevetor., This lorge difforence indicetcs sorious
ncrodynomic design difficultics if fabric-covercd elovetors
arc uscd. - ’ ..

The metal covering elso distorted slichtly (fic. 15(b));
therefore, when desiening this tvpe of esurface the distortion

muet be considered.

t 1is indieated thet, at the two teb ancles tested,
scaling the gapiet the leading edge of the tab triples the
teb offcctiveness.

Ames Aeronoutical Laboratory,
Netionel Advisory Committes for Acronautics,
offett Field, Colif.

el
<
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Figure 1l.- A full-scale semispan horizontal tail for the
bomber airplane in the 16-foot wind tunnel,
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AN-CCC-0O-399,
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2 COATS ALUMINIZED
DOPE~AN-TT D-55! .
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o08-24-/0Q. DRIED
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3. SAME PROCESS
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PRODUCTION AIR-
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STITCHING, ETC.
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SPACING OF THE

FABRIC-COVERED ELEVATOR FOR THE
SEMISPAN HORIZONTAL TAIL OF THE

BOMBER AIRPLANE.
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